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Thermoelectric Material with Integrated de Broglie Wave Filter 
Background of the Invention 

Up to date thermoelectric generators and refrigerators have ♦ 
low efficiency. One of the main reasons for this low 
5 efficiency is that all free electrons around and above the 
' Fermi level talce part in current transport through the 
thermoelectric material, but it is only high energy electrons 
that are efficiently used for cooling and energy generation. 

Figure 1 shows a simple diagrammatic representation of a 
10 thermoelectric couple known in the art in which a p-t3?pe 

material is connected to an n-type material via a conducting 
bridge^ and electrons flow through the device, punning heat 
from one side of the couple to the other. Other 
configurations and coiribinatiohs of materials are also used. As 
15 mentioned already^ the low efficiency of such arrangements 
arises from the fact that all the free electrons around and 
above the Fermi level take part in current transport through 
the thermoelectric material and consequently external current 
source makes work which is not efficiently used for heat 
20 transfer. . 

In US Patent US62 81514 a method for promoting' the passage of 
electrons through a potential barrier comprising providing a 
potential barrier having a geometrical shape for causing de 
Broglie interference is disclosed. This results in the 
25 increase of tunneling through the. potential barrier. . 

This approach does not conteic^late using sUch a potential 
barrier for controlling or filtering which electrons 
contribute to current transport through the thermoelectric 
materials. 
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Figure...? show:s.....two--.<3omai-ns.-...aj£ie==.-sepa 



having an indented or protruded shape, with height a. 

An incident probability wave 30 is reflected from surface 36 
to give reflected probability wave 32, and from the bottom of 
''"2— the indent- to -give reflected probability wave will equal to 

zero for waves haying wavelength. ^4 a/ (l+2n) where n=0, 1, 2.... 
Further this means that the electron will not reflect back 
from the border, and will leak through the potential barrier 
with increased probability. 



10 



Indents or protrusions on the surface should have dimensions 
comparable to de Broglie wavelength of electron. In particular 
indent or protrusion height should be 

a = Ji.(l+2n)/4 

And the indent or protrusion width should be much grater than 
15 X. 

In this invention we. of fer a method which blocks movement of 
low energy electrons through the thermoelectric material. We 
achieve this using filter which is more transparent for high 
energy electrons than for low energy ones.. Tunnel barrier on 
the way of the electrons is used as filter. Filter works on 
the basis of the wave properties of the electrons. The 
geometry of the tunnel barrier is such that barrier ' becomes 
transparent for electrons having certain de Broglie 
wavelength. If the geometry of the bajtrrier is such that its 
transparency wavelength matches the wavelength of high energy 
electrons it will be transparent for hi^h energy electrons and 
will be blocking low energy ones by means of tunnel barrier - 

Briejf Summary of the invention 

In one aspect, the present invention comprises a method for 
30 filtering electrons, allowing the most energetic ones to 



20 



25 
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travel freely through a thermoelectric material whilst at the 
same time blocking low energy electrons and preventing them 
from taking part in current transport. This is achieved by 
creating a tunnel barrier or filter on the ^anode" surface of 
5 a thermoelectric material having a geometric pattern 

comprising indentations or protrusions. The dimensions of the 
indents or protrusions are such that electrons below a certain 
energy are reflected by the tunnel barrier or filter, whilst 
electrons above a certain energy are able to pass through the 
10 tunn-el barrier or filter- Specifically^ the depth of the 

indents 'or height of protrusions is >l(l+2n)/4r where X is the 
de Broglie wavelength of an electron having the fore -mentioned 
certain energy- 

In a second aspect^ the present invention comprises a 
15 thermoelectric material having a tunnel barrier or filter on . 

its ^anode' surface, in which the tunnel barrier or filter has 

a geometric pattern comprising indentations or protrusions. 

The dimensions of the indents or protrusions are such that 

electrons below a certain energy are reflected by the tunnel 
c>n barrier or filter^ whilst electrons above a certain energy are 

able to pass through the tunnel barrier or filter. 

Specifically, the dimensions of the indents or protrusions are 
.X(l+2n)/4, where X is the de Broglie wavelength of an electron 

having the fore-mentioned certain energy. 

25 In a further aspect, the present invention comprises a 
theriTKjelectric device comprising a first thermoelectric 
iT:9terial and a second thermoelectric material, and having a 
tL--.^i barrier or filter interposed between the first material 
ana the second material, in which the tunnel barrier or filter 

30 has a geometric pattern comprising indentations or 

protrusions. The dimensions of the indents' or protrusions are 
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the tunnel barrier or filter,, whilst electrons above a certain 
energy are able to pass through the tunnel barrier or. filter- 
Specif ically, the' dimensions of the indents or protrusions are 

.^(•l+2n)/4^ ..where X is the de Broglie vraveiength of an electron 

having the fore-mentioned certain energy. ~ 

In a yet further aspect, the present invention coraprises'a 
thermoelectric device comprising a first thermoelectric 
material,, a second thermoelectric material, and one or more 
10 tunnel barriers or filters ^ in which the tunnel barriers or 
filters have a georaetrie pattern comprising indentations or 
protrusions. The dimensionis of the indents or protrusions are 
such that electrons below a certain energy are reflected by 
the tunnel barriers or filters, whilst electrons above a 
15 certain energy are able to pass through the tunnel barriers, or' 
filters. Specifically, the dimensions of the indents or 
protrusions are X,(l+2n)/4^ where X is the de Broglie 
wavelength of an electron having the f ore-^.entioned certain 
energy.- 

Brief Desaripfcion of the Several Views of the invention 

Figure 1 shows in diagrammatic form, a typical prior art 
thermoelectric device; 

Figure 2 shows in diagrammatic form, an incident probability 
wave, two reflected probability waves and a transmitted 
probability wave interacting with a surface having a series of 
indents (or protrusions); 

Figure 3 shows in a diagrammatic form a tunnel barrier or 
filter of the present invention; 

Figure 4 shoes in diagrammatic form several configurations for 
thermoelectric devices of the present invention. 
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Detailed. Description of the Invention 

In the following^ reference is made to indented and protruded 
cross-sections geometries and surfaces • It is to be 
understood that for the purpose of the present invention that 
5 these terms are considered to be equivalent, and^ for example, 
that the height of a protrusion is equivalent to" the depth of 
an indent. 

The present invention concerns the use of tunnel barriers or 
' filters for controlling current transport in thermoelectric 

10 laaxjerlals and devices. The tunnel barriers or filters have a 
stepped georfietrjf coiupnsxng indents or protrusions xn vhich 
the depth of the steps is such that high-energy electrons 
cannot reflect back from the step-like structure because of 
interference of de Broglie waves. Consequently high-energy 

15 electrons have to tunnel through the barrier. Low energy 

electrons have longer wavelengths and they can reflect back 
from the step-like structure. Thus the tunnel barrier 
partially stops low energy electrons and is more transparent 
for high-energy electrons because of wave nature of the 

20 electron. The effect of introducing an indented or protruded 
surface in this way is that the tunnel barrier stops low 
energy electrons and is transparent for high energy ones. 

Referring now to Figure 3^ which depicts one embodiment for a 
tunnel barrier of the present invention, two materials 40 and 

25 42 are separated by the thin electrical insulator material 44. 
Materials 40 and 42 may be the same or different, and may be 
either semiconductors or metals. The interface 46 between 
tv^^-zxslXs 40. and 42 is indented/protruded as shown. The depth 
of the indentations at this interface are a, and the width is 

30 much more than ^, where X is the de Broglie wavelength. 
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above which the barrier is transparent to electron flow, and 
below which electron flow is prevented- 

Indents or protrusions of needed dimensions may be constructed 
._ 5„ '.on a surfac.e_„hy. a number of means.. . 



In a preferred embodiment, an indented/protruded structure is 
formed on the surface of material 40. This may be achieved by 
a number of methods known to the art, including ' etching or 
■ablation. In a second step, insulating material 44 is 
10 deposited over the indented/protruded surface so ^formed or 

grown as insulating oxide of 40, In a third step, material 42 - 
is attached to the indented/protruded surface so formed. 
Again, this may be achieved by a number of methods known to 
the art, including deposition and electrochemical growth. 
15 Thermoelectric devices con^rising the barrier are also 

contemplated. Figure 4 shows several thermoelectric devices 
of the present invention having an n~type material 50, a p- 
type material 52, conductrors 56 and an external circuit 58 and 
power source 59. A barrier or filter 54 is in electrical 
contact with the ^anode' end of the p-ty^B and n-type 
materials, and is also in eiectrical contact with a conductor. 
Figure 4a shows a device having two barriers or filters. 
Figure 4b shows a device having a barrier or filter attached 
to the anode end of the n-type material, and Figure 4c shows a 
device having a barrier or filter attached to the anode end of 
the p-t2/pe material. 
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Claims 



5 

2. 

10 

3. 
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4. 
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A tunnel barrier for controlling the movement of an 
electron through a thermoelectric material comprising a 
potential barrier having an indented or protruded cross- 
section. 

The tunnel barrier of claim 1 wherein the depth of indents 
in said indented cross-section or the height of 
protrusions in said protruded cross-section is chosen to 
set a threshold energy value above vrhich the barrier is 
transparent to electron flow, and below which electron 
flow is prevented 

The tunnel barrier of claim 1 wherein the depth of indents 
in said indented cross-section or the height of 
protrusions ^ in said protruded cross-section is given by 
the relationship ?t(l+2n)/4r where X is the de Broglie 
wavelength of said electron/, and where n is 0 or a. 
positive integer. 

The tunnel barrier of claim 3 in which n is an integer 
having a value between 0 and 4 • 

The tunnel barrier of claim 1 wherein the width of indents 
in said indented cross-section or the width of protrusions 
in said protruded cross-section the width is much more 
than Xr where ^ is the de Broglie wavelength. 

The tunnel barrier of claim 1 in which said potential 
barrier comprises an electrical insulator* 

A thermoelectric device comprising: 

a) a first thermoelectric material; 

b) a second thermoelectric material; 

c) the tunnel barrier of claim 1. 
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thermoelectric material comprises an n-type material, said 
second thermoelectric material comprises a p-type 
material, and wherein a tunnel barrier of claim 1 is in 
electrical contact with the anode of said n-type material 
and -the-cia1:h-ode"--p-f-sai-d p-t^^e" " ma't e"ri"arr : " " " 

9. The thermoelectric device of claim 7 wherein said first 
thermoelectric material comprises an n-type material, said 

- second thermoelectric material comprises a p-type material 
in electrical contact with said n-type material, and 
wherein a tunnel barrier of claim lis in electrical 
contact with the anode of said p-type material. 

10. The thermoelectric device of claim 7 wherein said first 
thermoelectric material comprises an n-type material, said 
second- thermoelectric material comprises a p-type 
material, and wherein a tunnel barrier of claim 1 is in 
electrical contact with the anode of said n-type material 
and a further tunnel barrier of claim 1 is in electrical 
contact with the anode of said p-type '^material , 

11 . A method for making the thermoelectric device of claim 7 
comprising: 



(a) forming an indented or protruded structure on a 
surface of a first thermoelectric material; 

(b) forming an insulating material over said indented or 
25 protruded surface; 

(c) attaching a second thermoelectric material to said ' 
insulating material. 

12. The method of claim 11 in which said step of forming an 
insulating material comprises depositing, said insulating 
30 material . 
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13. The method of claim 11 in which said step of forming an 
insulating material comprises oxidising said first 
material . 

14 . The method of claim 11 in. which said step of forming an 
5 indented or protruded structure comprises etching. 

15. The method of claim 11 in which said ^tep of forming an 
indented or protruded structure comprises ablation. 
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In this invention we offer a method which blocks movement of 
low energy electrons through the thermoelectric material- We 
achieve this using filter which is more transparent for high 
-fl^^^yy electrons - than -for low energy ones. Tunnel barrier on 
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the way of the electrons is used as filter. Filter works on 
the basis of the wave properties of the electrons. The 
geometry of the tunnel barrier is such that barrier becomes 
transparent for electrons having certain de Broglie 

wavelength. If the geometry of the barrier is such that its 
transparency wavelength matches the wavelength of high energy 
electrons it will be transparent for high energy electrons and 

will be blocking low energy ones by means of tunnel barrier. 
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